Reactive flows encompass a broad range of physical phenomena, interacting over many different time and space scales. Such flows occur in combustion, chemical lasers, the earth's oceans and atmosphere, and stars and interstellar space. Despite the obvious physical differences in these flows, there is a striking similarity in the forms of their descriptive equations. Thus, the considerations and procedures for constructing numerical models of these systems are also similar, and these similarities can be exploited. Moreover, using the latest technology, what were once difficult and expensive computations can now be done on desktop computers.
Prologue
Reactive flows encompass a very broad range of phenomena, including flames, detonations, chemical lasers, the earth's atmosphere, stars and supernovae, and perhaps even the elementary particle interactions in the very early stages of the universe. Despite the obvious physical differences among these flows, there is a striking similarity in the forms of the descriptive equations. Thus the considerations and procedures for constructing numerical models of these systems are also similar.
There has been an enormous growth in computational capabilities and resources since the first edition of this book appeared in 1987. What were difficult, expensive computations can now be done on desktop computers. Available hardware has improved almost beyond recognition. Supporting software is available for graphics and for handling large amounts of output data. New paradigms, such as parallel and massively parallel computing using distributed or shared memory, have been developed to the point where they are available to most users. Recipes also exist to interconnect desktop computers to build personal parallel computers.
With the explosive growth in available computer technology, there has been concomitant growth in the use of this technology to solve complex reactive-flow problems having numerous physical processes interacting simultaneously on many different time and space scales. The ability to solve these problems is underpinned by significant developments in numerical algorithms for solving the governing equations. With so many practitioners, many new avenues have been explored, and a number have been developed significantly. Some old ideas have been discarded as not general or accurate enough, and some old ideas have been reinstated because they work particularly well on the new computing systems.
This book is a manual on how to construct, use, and interpret numerical simulations of reactive flows. It can also be used as a guide to using complex computer programs written and provided by others. Constructing numerical simulations means making decisions at each step. These decisions affect the subsequent form and use of the model. For example, we must decide which algorithms to use, how to couple the algorithms together, and how to organize and interpret the results. Understanding the trade-offs these decisions imply means understanding the limitations and uses of the models being developed. Using programs, or parts of programs, provided by others can save an enormous amount of time, xv www.cambridge.org © Cambridge University Press Cambridge University Press 0521022363 -Numerical Simulation of Reactive Flow, Second Edition Elaine S. Oran and Jay P. Boris Frontmatter More information xvi Prologue but this requires caution and some effort to make sure that the numerical methods are appropriate and the results are physically correct. This is not really a book about the physics of reactive flows. That topic has been treated beautifully by other authors. Some excellent references are listed in the bibliography at the end of this prologue. This is also not a book about simplified phenomenological models for complex applications, although it can serve as a guide for constructing and testing components of such models.
The readers of this book should at least have advanced undergraduate or beginning graduate school knowledge of the basic principles of chemistry and fluid dynamics and their potential interactions. Some familiarity with the rudiments of numerical methods is helpful. The chapters can be divided into three groups: Readers who have written and debugged simple programs to integrate differential equations should be able to follow most of the material in this book and can use the references for more details. Using the advanced chapters to best advantage requires referencing other texts that delve more deeply into selected topics.
Introductory Short Course: Chapters 1 through 4
Chapters 1 through 4 are the foundation for material presented in the remainder of the book and discuss the concepts and terminology used throughout. Chapter 1 describes modeling and simulation generally. Chapter 2 presents the reactive-flow equations and discusses the class of problems they describe. It also views this class in the general context of numerical simulation to solve the equations. Chapter 3 gives an analysis of the limitations and trade-offs that arise in constructing and using computer models. Trade-offs must be made at every stage of developing and using a simulation, and these are determined as much by the computational and human resources available as by the specific requirements of the problem being tackled. Chapter 4 leads the reader into the numerical analysis and computational physics issues that are important for modeling reactive flows by explaining the most basic finite-difference and finite-volume approaches used to integrate the physical processes in the reactive-flow equations numerically.
Advanced Topics in Numerical Simulation: Chapters 5 through 10
These chapters introduce a number of important topics and show the relations among them. Many of the specific topics introduced in Chapter 4 are discussed in greater depth and at a higher level of sophistication in these later chapters. They consider processes that are nonlinear and multidimensional, require variably spaced grids that may move in time, and involve many coupled equations. Chapter 5 describes the spectrum of algorithms for solving ordinary differential equations as well as specific applications to reactive flows. Chapter 6 describes the types of representations in general use and the spatial illustrations, we thank C. Richard DeVore, Carolyn Kaplan, Alexei Khokhlov, Charles Lind, Robert Meakin, Nikolaos Nikiforakis, Ravi Ramamurti, and Robert Siegel. Also, we thank James Hyman, Robert Noh, Martin Fritts, Steven Zalesak, and Robert Gelinas who provided figures that were used in this book and in the previous edition.
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